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(54) Title of the Invention: 



(57) [Abstract] 



An Efficient Production Method of Useful Substances by Apoptosis 
Control and Cells 



[Problem] To provide a method for recovery of useful substances in large quantities from animal cells and cells. 

[Means of Solution] A method for improving production capacity of useful target substances by introducing 
apoptosis inhibiting genes into animal cells that produce useful substances and cells that are obtained by said 
introduction. 



[Claims] 



[Claim 1 ] A method for improving production capacity of useful target substances by introducing apoptosis 
inhibiting genes into animal cells that produce useful substances. 

[Claim 2] A production method as described in Claim 1 characterized in that the apoptosis inhibiting genes are 
bcl-2, BAG-1, Bcl-XL, Ad, Elb or CrmA. 

[Claim 3] A method as described in Claim 1 in which the animal cells are COS-1 cells into which bcl-2 is 
introduced and that are deposited as FERM P- 15808. 

[Claim 4] Cells that are COS-1 cells into which bcl-2 is introduced and that are deposited as FERM P- 15808. 

[Detailed Description of the Invention] 

[0001] 

[Field of Technology to Which the Invention Pertains] This invention relates to a novel useful substance 
production method and cells. In greater detail, it relates to a method for improvement of production capacity of useful 
substances including, for example, various types of antibodies that are produced by hybridomas, virus vectors for gene 
therapy and various types of recombinant proteins, cytokines such as, for example, interferon and antigenic substances 
for vaccines and to a type of cell that is obtained by this method and that is used for this purpose. 

[0002] 

[Prior art] Various molecular biological methods have been developed as a result of the rapid progress of 
genetic engineering in recent years. By these means, marked advances have been seen in the analysis of genetic 
information and in clarification of gene function and diverse information has been obtained regarding several useful 
substances. There has been production of many useful substances as an attempt to apply the results obtained from these 
findings to actual production fields. For example, antibodies are proteins that are produced in living organisms by 
immune responses as a result of antigen stimulation. They have the activity of binding specifically with immunogens 
and play the role of a defensive mechanism in the body. Various analytical agents, diagnostic drugs or therapeutic drugs 
are being developed making use of the specific binding activity of antibodies to such immunogens. These antibodies, 
which are used industrially, are produced primarily by culturing hybridomas that produce the target antibodies. 

[0003] Other useful substances, such as, for example, cytokines such as interferon, vaccines, enzymes, peptide 
hormones and virus vectors for gene therapy are produced by various types of animal cells. 

[0004] Below, we shall indicate useful substances that are produced by animal cells. 

[0005] (1) Monoclonal antibodies. 

The general method for manufacture of monoclonal antibodies is, first, to immunize a mammal with 
immunogens and collect B cells. Next, these B cells and myeloma cells, specifically, cells originating from mice such 
as X63-Ag8 (X63), NSI-Ag4/l (NS1), P3X63-Ag8), 654 (X63 654), SP2/0-Agl4 (SP2/0), MPC11-45, 6TG1. 7(45, 
6TG), FO, S149/5XXO and BU. 1; originating from rats such as 210. RSY3. Agl. 2. 3 (Y3); and originating from 
human beings such as U-226AR (SKO-007), GM1500GTG-A12 (GM1500), UC729-6, LICR-LOW-HMy2 (HMy2) 
and 8226AR/NIP4- 1 (NIP4 1 ) (the characters in parentheses being omitted, however), are mixed with fusion promoting 
agents such as polyethylene glycol (PEG) and Sendai virus (HVJ), with cell fusion being effected to manufacture a 
hybridoma in which antibody producing capacity and cell proliferation capacity are combined. Identification of said 
antibody producing strains is effected from the hybridomas that have been prepared by the ELISA method (Method in 
Enzymology, Vol. 70, pp. 419-439), the agglutination reaction method, the RIA method and the double 
immunodiffusion method. Cloning is performed by the limiting dilution method. In order to obtain antibodies from 
these hybridomas, the hybridomas are cultured in a culture medium. There are methods in which they are separated 
from the culture supernatant or methods in which the hybridoma is administered intraperitoneally in a mouse and 
recovered from the abdominal fluid. 

[0006] (2) Vaccines against viruses 

In order to obtain a vaccine against a virus, the target gene is introduced into a suitable cell strain and the target 
recombinant protein is produced. As specific examples, there are production of vaccines against polio (dead virus, live 
virus) by means of cultured monkey kidney cells and human diploid cells, production of vaccines against human 
adenoviruses by means of Hela cells and human diploid cells, production of vaccines against measles by means of 
cultured chick embryo cells, production of vaccines against mumps by means of cultured chick embryo cells, production 
of vaccines against rubella by means of cultured chick embryo cells, cultured monkey kidney cells, human diploid cells, 
dog kidney cells or rabbit kidney cells, production of vaccines against rabies by means of human diploid cells, 
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production of vaccines against type B hepatitis by means of B hepatitis antibody positive human plasma, production 
of vaccines against foot-and-mouth disease by means of cultured monkey kidney cells, production of vaccines against 
Newcastle disease by means of hamster kidney cells and production of vaccines against distemper by means of hamster 
kidney cells. 

[0007] (3) Factors that act on the immune system (cytokines) 

• As examples of production of cytokines using animals cells, there are production of IL-2 by helper T cells, 
production of M-CSF by mouse L cells, production of G-CSF by CHU-2 cells, production of GM-CSF by embryos and 
placenta induced by Mo cells and endotoxins, production of IL-1 by monocytes and microphages, production of IL-3 
by T lymphocytes, production of IL-4 by mouse T-cell hybridomas, production of IL-5 by T lymphocytes, production 
of IL-6 by T lymphocytes, production of erythropoietin by the kidney, production of TNF by human myelogenous 
leukemia cells and macrophages, production of lymphotoxin by human B cell strains, production of interferon-a by 
lymphoblast cells originating from B lymphocytes and Burkitt's lymphoma, production of interferon- P by diploid 
fibroblasts and production of interferon-y by T lymphocytes. 

[0008] (4) Cell growth factor 

Examples of production of cell growth factor by animal cells include production of EGF by submaxillary gland 
and glial cells, production of TGF-a by sarcoma [TRANSLA TOR 'S NOTE: There is an apparent misprint here for the 
first character of the term for "sarcoma. " This is assumed from the subsequent use of the correct characters later in 
the paragraph.] cells and placenta, production of PDGF by platelets and vascular endothelial cells, production of NGF 
by submaxillary gland, production of TGF-fJ by kidney, placenta and many types of cultured cells, production of IGF-I 
smooth muscle cells and liver cells, production of IGF-II fetal liver cells and placenta and production of FGF cartilage 
sarcoma cells. 

[0009] (5) Enzymes 

Examples of production of enzymes by animal cells include production of tissue plasminogen activator (TPA) 
by normal human diploid fibroblasts, Chinese hamster ovary cells and cancer cells and production of renin by Chinese 
hamster ovary cells. 

[0010] (6) Peptide hormones 

In order to obtain peptide hormones from animal cells, the target gene is introduced into a suitable cell strain 
and the target recombinant peptide hormone is produced. Specifically, there is production of growth hormone by Vero 
and CI 27 cells. 

[0011] (7) Virus vectors 

At present, virus vectors are produced by recombinant virus producing cells called packaging cell strains. 
Packaging cell strains are cell strains in which the exogenous genes required to produce recombinant viruses are inserted 
into the host cell genome sequence. 

[001 2] In actuality, Moloney leukemia virus vector is a virus vector that has been established in packaging cell 
strains (A.D. Miller et al., Sowat. Cell Mol. Genet., 12: 175, 1986). 

[001 3] However, production of useful substances by these animal cells that have been described above has the 
following drawbacks. 

(1) It is expensive because large quantities of culture medium are used for culture. 

(2) The rate of production of useful substance per volume is less than that of the production of useful 
substances by prokaryotes. 

(3) When cells that produce useful substances, for example, hybridomas which produced antibodies, are not 
sufficiently cultured, apoptosis is rapidly brought about and the cells commit suicide (Biotechnology and 
Bioengineering, Vol. 44, pp. 1140-1154, 1994). 

[0014] For this reason, development of methods for intensifying the capacity for production of useful 
substances, i.e., methods for producing useful substances of capacity above that for producing useful substances when 
ordinary culturing is performed, is a major problem. 

[0015] At present, methods for recovering useful substances from animal cells in large volumes are methods 
in which the volume of culture used in a single culture is large, in short, methods in which large quantities of culture 
equipment is used. Animals cells are generally classified into adhesion dependent cells such as CHO, C V- 1 , COS, BHK, 
mouse L cells, CI 27, Rat2, NIH3T3 and Hela cells and free cells such as Namalwa cells. Various methods have been 
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proposed as large volume culture methods for them. Specifically, the methods that are used for expanding the adhesion 
area of adhesion-dependent cells include the multiplate, the enamel fiber, the ultrafiltration membrane, the porous 
ceramics and the microcarrier methods. The methods that are used for free cells include the microcarrier, the spinner 
flask, the stirring culture tank, the irrigation culture tank and the air lift culture tank methods. However, the level of 
high density culture that is the goal cannot be achieved by any of these methods (in a jar fermentator [phonetic; should 
be fermentor. Translator] 10M0 7 cells/ml, a number of cells corresponding to 1 kL - 10 kL). 

[00 1 6] In ordinary animal cell culturing, it is necessary to add on the order of 1 0% of serum to the basic culture 
medium. However, the addition of serum entails the problems that it has great effects on production costs, that there 
are great differences in cell proliferation activity among various serum lots, with the result that stable production of 
useful substances is not possible, that the serum contains large amounts of unknown substances and that purification 
of the products is difficult. For these reasons, serum-free culture media to which it is not necessary to add serum are 
used in industrial scale production. However, the problem remains that production efficiency of useful substances is 
lower than that when culturing is performed in culture media that contain serum. 

[00 1 7] Various methods have been proposed for the purpose of increasing production efficiency of these useful 
substances. Specifically, methods that can be cited include a method in which, when antibody-producing hybridomas 
are transplanted in mouse peritoneum, mitogens and Freund's complete adjuvant are administered intraperitoneally, with 
the volume of abdominal fluid being increased and with the absolute quantity of antibody that is obtained being 
increased (Japanese Patent Application Early Disclosure No. 02-53736 [1990]), a method in which animal cells are 
cultured at high density over long periods and the products are stabilized by culturing isolated animal cells using a 
serum-free culture solution on a porous ubstrate in the form of a three-dimensional aggregate (Japanese Patent 
Application Early Disclosure No. 03-160988 [1991]) and a method in which lymphocyte growth factors such as ovary 
lipoproteins, royal jelly and lactoferrin are added to the culture medium (Japanese Patent Application Early Disclosure 
No. 02-257892 [1990]). 

[0018] However, oligotrophication accompanies cell growth and apoptosis of cells in association with that, 
cannot be avoided in any of these methods and there are limitations on the production volume of useful substances. 

[0019] 

[Problems the invention is intended to solve] The objective of this invention, when antibodies, cytokines such 
as interferon, antigenic substances such as vaccines, and useful substances such as virus vectors for gene therapy are 
produced from animals cells, is to make possible survival of animal cells over long periods and to bring about an 
increase in production efficiency per unit quantity of culture as a result thereof. 

[0020] 

Intensive studies were conducted for the purpose of achieving these objectives. As a result, the inventors 
perfected this invention by discovering that death of animal cells that produce antibodies, cytokines such as interferon, 
antigenic substances such as vaccines, and useful substances such as virus vectors for gene therapy can be inhibited and 
that capacity for production of useful substances by animal cells per unit culture volume can as a result be markedly 
increased by inhibiting apoptosis of animal cells that produce useful substances. 

[0021] Specifically, this invention provides a method for increasing production capacity of target useful 
substances by introducing apoptosis inhibiting genes into animal cells that produce useful substances and to provide 
COS-1 cells into which BCMGSneo-bcl-2, which are cells that are used for the objectives of said method, is introduced. 
When the method and cells of this invention are used, the survival rates of useful substance producing cells can be 
increased and increases can be obtained in useful substance production volume per unit culture volume and in useful 
substance production speeds. 

[0022] 

[Mode of execution of the invention] When the method of this invention is used, it is applicable to any type 
of useful substance production capacity such as antibodies, cytokines such as interferon, antigenic substances such as 
vaccines, and useful substances such as virus vectors for gene therapy as long as they can be produced by animal cells. 

[0023] The term apoptosis inhibiting genes in this specification refers, for example, to genes that inhibit 
apoptosis that is induced by such diverse factors as elimination of cell growth factor, elimination of hormones, receptor 
stimulation by cytotoxic lymphocytes, anticarcinogenic agents, radiation, toxins, viral infections, zinc ion deficiency, 
heat shock, tumor necrosis factors such as TNF-a and P and anti-Fas antibodies and that encode proteins that have the 
function of extending cell life. The apoptosis inhibiting genes that can be used in this invention include, for example, 
bcl-2, BAG-1, Bcl-XL, Ad. Elb and CrmA. bcl-2, which is one of these examples, is markedly expressed in a broad 
range of tissues in the body, and, in particular, in the immune system and the nervous system. Expression is also 
observed in epithelial cells such as the skin and small intestine in which stem cells are present over long periods 
(Negrini, M. et al., Cell, 49: 455-463, 1097; Eguchi, Y., et al.: Nuc. Acid Res., 20: 4187-4192, 1992; Hockenberry, 
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D.M., et al., Proc. Natl. Acad. Sci., USA, 88: 6961-6965, 1991) and it is thought that this plays a part in prevention of 
suicide and prolonging the life of cells in many aspects of the body (Vaux, D.L., et al., Nature, 335: 440-442, 1988). 
It is known that the bcl-2 gene is a gene that is cloned by chromosome translocation 7 (14; 1 8) of human non-Hodgkin's 
lymphoma (Science, Vol. 226, pp. 1097 (1984) and that encodes the 26 kD protein bcl-2a and the 22 kD protein bcl-2p. 

[0024] The method of intensifying production of useful substances of this invention is performed by 
introducing apoptosis inhibiting genes into cells that produce useful substances by the following method. There are no 
limitations to this method. Specifically, bcl-2 that is incorporated into an expression vector plasmid that contains, for 
example, a drug-resistant gene sequence, is introduced into useful substance producing cells. The methods that can be 
used for introducing the gene into the cell include, in addition to known physical introduction methods such as the 
electroporation method, the calcium phosphate method and the liposome method, the biological introduction method 
using virus vectors such as murine leukemia virus vector. After introduction, drug selection is performed by means of 
a drug corresponding to said drug resistance gene and only cells into which bcl-2 has been inserted are selected. There 
are no particular limitations on cloning methods and known methods such as, for example, the methyl cellulose, the soft 
agarose method and the limiting dilution method. The cell strains that are obtained by drug selection have useful drug 
producing capacity in long-term culturing superior to that of cell strains into which apoptosis inhibiting genes are not 
inserted. 

[0025] Speaking of culturing of antibodies, it is known that the culture time of hybridomas is prolonged and 
that their survival rates are decreased when the nutrient components in the culture medium are deficient. However, the 
lives of the cells can be prolonged and antibody production volume and production speed can be markedly increased 
by introducing an apoptosis inhibiting gene, for example, bcl-2. 

[0026] This invention can also be used in the production of recombinant virus vectors that are used in gene 
therapy. In general, recombinant virus vectors are produced by recombinant virus vector producing cells that are called 
packaging cells. When packaging cells are cultured for a long period, it is known that the cells die due to 
oligotrophication. However, when an apoptosis inhibiting gene is introduced into a packaging cell, the life of the 
packaging cell is prolonged and its potency can be increased. Cell death due to oligotrophication of this kind also occurs 
in other recombinant protein producing cells as described above. However, by introducing an apoptosis inhibiting gene, 
the life of the cell can be prolonged just as in the case of packaging cells that produce recombinant virus vectors and 
production volume can be increased. 

[0027] COS-1 cells of this invention into which BCMGSneo-bcl-2 has been introduced (hereafter referred to 
as COS 1 /be 12) were discovered as a result of this invention as animal cells that can markedly increase the production 
volume and production speed of proteins by prolonging cell life and can be applied to large volume production of useful 
substances of categories ( 1 ) to (7) described above, y chain proteins of good detection sensitivity were used as substitute 
substances for these proteins and the effectiveness of COSl/bcl2 was confirmed. 

[0028] COSl/bcl2 was deposited on 26 August 1996 as FERM P-15808 at the Biotechnology and Industrial 
Technology Institute of the Agency of Industrial Science and Technology. 

[0029] 

[Examples] We shall now present examples that illustrate this invention in specific terms. However, this 
invention is not limited by these examples. 

[0030] Example 1: Construction of plasmids 

In this example, the following plasmids were used. 

[003 1 ] The plasmid BCMGSneo-bcl-2 (Figure 1 ) containing the human bcl-2 gene sequence was constructed 
by inserting said bcl-2 gene into the Xho I-Not I site of the expression vector BCMGSneo (Karasuyama, H., Kudo, A., 
Melchers, J. Exp. Med., 172: 969-972, 1990). bcl-2<x was used as the bcl-2 gene. 

[0032] As a comparative example, BCMGSneo (Figure 2) was used in the following experiment as a plasmid 
not containing the bcl-2 gene. 

[0033] Example 2: Introduction of human bcl-1 gene into hybridoma cells 

The BCMGSneo-blc-2 that had been prepared in Example 1 and BCMGSneo, as Comparative Example 1, were 
inserted by the electroporation method into mouse hybridoma strain 2E3 that produce antibodies that recognize 
trinitroferrin groups as haptenes (Bio Manual Series 4, Gene Introduction and Expression Analysis Methods, pp. 23-27). 
After insertion, G418 (GIBCO) selection pressure was applied and only cells into which the plasmids had been 
introduced were selected. 
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[0034] Example 3: Detection of production of Bcl-2 protein of hybridoma cells into which into which human 
bcl-2 gene has been introduced (Analysis by Western blotting) 

Detection of production of Bcl-2 protein of hybridoma cells into which the BCMGSneo-bcl-2 established in 
Example 2 had been introduced was performed. A similar study of hybridoma cells into which NCMGSneo had been 
introduced was performed as a negative control. 

(1) Preparation of cell solutions 

Suspensions of hybridoma cells into which BCMGSneo-bcl-2 had been introduced and of hybridoma cells into 
which BCMGSneo had been introduced were reacted at 4°C for 30 minutes using a cell solution containing 1% Triton 
X-100, 15 mM NaCl, 10 mM Tris (pH 7.4), 50 jig/mL of phenyl methanesulfonyl fluoride and 2 p.g/mL of aprotinin, 
with the cells being dissolved. This cell solution was used as the test solution for Western blotting. 

[0035] (2) Analysis by Western blotting 

Analysis by Western blotting was performed in accordance with known methods (Bio Manual Series 4, Gene 
Introduction and Expression Analysis Methods, pp. 123-127). Cell solution corresponding to 1 * 10 5 cells was mixed 
with Tris-SDS-mercaptoethanol buffer solution and the mixture was boiled for 5 minutes, after which the test material 
was loaded in sodium dodecyl sulfate (SDS)-polyacrylamide gel (13% being the most desirable concentration of the 
poly aery lamide gel when detecting bcl-2). After electrophoresis was concluded, the gel was removed and was immersed 
in Tris-glycine buffer solution for more than 30 minutes. A nitrocellulose filter was installed in the gel and the protein 
was transferred to the nitrocellulose filter, after which the nitrocellulose filter was removed and immersed for 1 5 minutes 
in Tris buffered saline-0.05% Tween 20 (TBS-T). It was then immersed for 2 hours in TBS-T containing 5% skim milk, 
after which it was washed three times with TBS-T. 

[0036] The nitrocellulose filter prepared in this way was used. The nitrocellulose filter was immersed in TBS-T 
solution containing Bcl-2 antibodies (Boehringer Manneheim), the materials were gently agitated for 1 hour and were 
then washed 3 times with TBS-T solution, after which the nitrocellulose filter was immersed in TBS-T solution 
containing peroxidase bound anti-mouse Ig polyclonal antibodies (Bio Source International, Inc-Tago Products) as the 
second antibody. The materials were agitated gently for 1 hour and were then washed 3 times with TBS-T solution, after 
which the nitrocellulose filter was immersed in EC1 detection reagent (Amersham) and exposed to film. 

[0037] The results are shown in Figure 3. A band indicating expression of Bcl-2 protein was detected in ceils 
into which BCMGSneo-blc-2 had been introduced (shown in Figure 3 as Example 3). However, a band indicating 
expression of Bcl-2 protein was not detected from the cells of the negative control group into which BCMGSneo cells 
had been introduced (shown in Figure 3 as Comparative Example 3). 

[0038] Example 4: Increase of survival rates of hybridoma cells by introduction of human bcl-2 gene 

A comparison was made of survival rates of hybridoma cells into which the BCMGSneo-bcl-2 established in 
Example 2 had been introduced and of hybridoma cells into which BCMGSneo had been introduced which was the 
negative control group. 

[0039] The respective cells were suspended in Dulbecco's Modified Eagle Medium (hereafter, DMEM medium) 
(GIBCO Company) containing 9% bovine fetal serum and the suspension was allowed to stand in a C0 2 incubator. 
Cells were recovered every 2 minutes after culturing was begun and the survival rates of the respective hybridomas were 
calculated by the Trypan Blue staining method. 

[0040] In the negative control group (shown in Figure 4 as Comparative Example 4), a survival rate of 
approximately 50% was shown on the sixth day of culturing. By contrast, in the group into which bcl-2 cells had been 
introduced (shown in Figure 4 as Example 4), this same level of survival was found on the tenth day. It can be 
concluded that this prolongation of the cell survival rate is attributable to the effect of the bcl-2 genes that were 
introduced into the cells. 

[0041] Example 5: Increase of antibody production efficiency by introduction of human bcl-2 gene 

A comparison was made of the antibody production capacity of hybridoma cells into which the BCMGSneo- 
bcl-2 established in Example 2 had been introduced and of hybridoma cells into which BCMGSneo had been introduced 
which was the negative control group. 

[0042] The cells were suspended in DME culture medium containing 9% of bovine fetal serum and were placed 
in a C0 2 incubator. Culture supernatant was recovered every 2 days from the beginning of culturing and the 
concentration of antibodies in the supernatant was determined by the ELISA method. The ELISA method is a sandwich 
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method in which anti-mouse IgG polyclonal antibodies (ZYMED Laboratories) and peroxidase bound anti-mouse Ig j 
polyclonal antibodies (Bio Source International, Inc-Tago Products) are used. 

[0043] The results are shown in Figure 5. In the cell group into which bcl-2 had been introduced (shown in * 
Figure 5 as Example 5), culture time was increased and antibody concentrations were markedly increased by comparison 
to the negative control group (shown in Figure 5 as Comparative Example 5), with a difference of more than 4 times 
being seen on the tenth day. 

[0044] Example 6: Increase of antibody production speed by introduction of human bcl-2 gene 

In addition, a comparative study was also conducted of the antibody production speeds of the hybridomas for 
which antibody production efficiency was determined in Example 5. As shown in Figure 6, antibody production speed 
in the group into which bcl-2 had been introduced (shown in Figure 6 as Example 6) was more than twice that in the 
negative control group (shown in Figure 6 as Comparative Example 6) at all times. 

[0045] Example 7: Construction of plasmids 

In this example, the plasmid indicated below was used. All of the procedures were performed by known 
methods (J. Sambrook, et al., Molecular Cloning, Cold Spring Harbor Laboratory Press, 1989). 

[0046] The plasmid BCMGSneo-bcl-2 containing human bcl-2 gene (Figure 1) was constructed by inserting 
said bcl-2 gene into the XhoI-NotI site of the expression vector BCMGSneo (Karasuyama, H., Kudo, A., Melchers, J. 
Exd., Med., 172: 969-972 (1990). 

[0047] As a comparative example, the plasmid BCMGSneo that did not contain bcl-2 gene (Figure 2) was used 
in the following experiment. 

[0048] The plasmid pcDNA-A (Figure 7) that contained the gene sequence that encodes the protein X chain 
that the L chain of mouse immune globulin IgM (hereafter, mouse Al) was constructed by amplifying the mouse X\ 
chain component from pCMV-X 1 (Toyoshima, H. et al., Cell, 8, 67-74, 1 994) by the PCR method, synthesizing cDNA 
and inserting it into the plasmid vector pcDNA3 (Invitrogen Company). 

[0049] Example 8: Introduction of human bcl-2 gene into COS-1 cells 

BCMGSneo-bcl-2 or BCMGSneo was introduced into COS-1 cells by the electroporation method (J. 
Sambrook, et al., Molecular Cloning, Cold Spring Harbor Laboratory Press, 1989). 

[0050] 10 7 COS-1 cells were prepared and were suspended in 450 \i\ of phosphate buffer solution (PBS). 10 
jig of plasmid DNA was dissolved in 50 \i\ of PBS and the solution was mixed with the aforementioned cell suspension 
and introduced into a cuvette. The pulse device was set at 650 V and 250 u-sec and a pulse was applied 20 times to the 
cuvette into which the cell suspension had been introduced. The cuvette was allowed to stand on ice for 1 0 minutes, 
after which it was mixed with Dulbecco's Modified Eagle Medium (hereafter, DMEM) (GIBCO Company) containing 
400 [ig/ml of G418 (GIBCO Company) and 10% bovine fetal serum (FBS) (GIBCO Company). The mixture was 
allowed to stand for 30 days in a C0 2 incubator, by which means only those cells into which gene had been introduced 
were selected and COS-1 cells into which BCMGSneo-bcl-2 had been introduced (hereafter, COSl/bcl2) and COS-1 
cells into which BCMGSneo had been introduced (hereafter, COSl/vec) were obtained. The COS-1 cells into which 
BCMGSneo had been introduced (hereafter, COSl/bcl2) were deposited as FERM P- 15808 at the Biotechnology and 
Industrial Technology Institute of the Agency of Industrial Science and Technology. 

[0051] Experimental Example 7: Evaluation of resistance to apoptosis of cells into which bcl-2 has been 
introduced 

When cells are cultured in a culture medium of a low serum concentration, it is known that this serves as a 
trigger for induction of apoptosis, with cell death occurring. For this reason, the following study was conducted for the 
purpose of investigating resistance to apoptosis of cells into which bcl-1 has been introduced. 

[0052] (Determination of live cell counts on culturing in culture media of low serum concentration of COS-1 
cells into which human bcl-2 gene had been introduced) COS 1 /bcl2 (Example 8) and COS 1 /vec (Comparative Example 
7) were cultured in amounts of 10 5 cells for fixed periods in DMEM culturing medium containing 0.2% FBS. The 
culture dishes were washed with PBS on the 2nd day and 9th day after culturing was begun, the cells were stripped from 
the culture dishes by treatment with trypsin and cell suspensions were prepared. The cells were stained with Trypan 
Blue, after which they were observed under the microscope and the number of live cells was counted. The results are 
shown in Figure 8. The cells indicated in Comparative Example 7 into which bcl-2 gene had not been introduced 
exhibited increase and decrease by comparison to the cell count when culturing was begun (10 5 cells). By contrast, the 
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cells indicated in Example 8 into which bcl-2 gene had been introduced had proliferated to more than 4 times the initial 
cell count by the 9th day. From these results, it is clear that the COSl/bcl2 cells established in Example 8 exhibited 
strong apoptosis resistance. i 

[0053] Experimental Example 8. Increase of protein productivity by introduction of bcl-2 gene 

COS- 1 cells originating from the African green monkey are widely used for expression and production of 
recombinant proteins. Accordingly evaluations of protein productivity were made when apoptosis inhibiting gene was 
introduced. 

[0054] (Transfection of pcDNA-A to COSl/bcl2, COSl/vec and COS-1 cells) The respective cells were sown 
in amounts of 5 x 10 s in culture dishes of 10 cm in diameter on the day before transfection. 10 [ig of pcDNA-p, was 
transfected by the DEAE-dextran method (J. Sambrook, et al., Molecular Cloning, Cold Spring Harbor Laboratory Press, 
1989) and the materials were allowed to stand for 4 hours in a carbon dioxide culture chamber. The supernatant was 
suctioned off, 5 ml of 10% DMSO aqueous solution was added and the materials were allowed to stand for 2 minutes, 
immediately after which they were washed 2 times with PBS (-). 10 ml of DMEM culture medium containing 10% 
bovine serum was added and culturing was performed for a fixed period. 

[0055] (Recovery of culture supernatant solution and quantitative determination of X chain protein in the 
culture supernatant) Amounts of 350 \x\ at a time of culture supernatant solution of the respective cells into which 
pcDNA-A had been introduced were recovered after 4, 5, 6, 7 and 14 days, taking the day transfection was performed 
as the starting point. Quantitative detenriinations were made of X chain protein contained in the culture supernatant 
solution by the ELISA method using goat anti-mouse X chain antibodies labeled with horse radish peroxidase and the 
findings were expressed as ratios taking the quantity on the 4th day as 1 . The cumulative quantity of X chain protein 
was determined by the absorbance at 410 nm. As shown in Figure 9, in the cell strains into which bcl-2 gene, which 
is the apoptosis inhibiting gene, was not introduced (Comparative Example 7 and Comparative Example 8), the 
cumulative quantity of X chain protein did not increase after the 7th day, whereas, by contrast, in the cell strain into 
which bcl-1 had been introduced (Example 8), the quantity had more than doubled by the 7th day. 

[0056] 

[Effect of the invention] As described above, the survival rates of useful substance producing cells were 
markedly increased and the production quantity and production speed of useful substances were markedly increased 
by means of the method of intensifying useful substance production capacity and of the cells of this invention. 

[0057] Consequently, using the method and cells provided by this invention, it is possible to apply them, for 
example, to the production of hybridomas that produce various antibodies, cytokines such as interferon, antigenic 
substances for vaccines, virus vectors for gene therapy and other useful substances. 

[0058] The method of intensifying antibody production and the cells of this invention can be executed and 
induced using not only bcl-2 indicated on the examples but also other apoptosis inhibiting genes (Mad/Max, BAG- 1 , 
Bcl-XL, Ad. Elb, CrrnA, etc.) and have an extremely great range of industrial application. 

[Brief Explanation of the Figures] 

[Figure 1] This is a figure that shows the structure of BCMGSneo-bcl-2. 
[Figure 2] This is a figure that shows the structure of BCMGSneo. 
[Figure 3] This is a figure that shows the results of Western blotting. 

[Figure 4] This is a graph that shows the relationship between culture time and the survival rates of hybridoma 

cells. 

[Figure 5] This is a graph that shows the relationship between culture time and antibody concentration in the 
culture supernatant. 

[Figure 6] This is a graph that shows determinations of the antibody production speed at each fixed time during 
the culture period. 

[Figure 7] This is a figure that shows the structure of pcDNA-A,. 

[Figure 8] This is a graph that shows the relationship between culture time and the survival rates of COS- 1 cells 
into which the gene has been inserted. 

[Figure 9] This is a graph that shows determinations of cumulative quantities of proteins at each fixed time 
during the culture period. 



[Figure 1] 

[Japanese in figure]: bcl-2 gene XfaQ j Nq1 j 




[Figure 2] 

CMY poly A human fl-glotrin 




[Figure 3] 

[Key for top, left to right] 
Comparative Example 3 
Example 3 

Comparative Example 3 
Example 3 

Comparative Example 3 
Example 3 

[bottom, left to right]: Anti-Bcl-2 antibodies (-);Anti-Bcl-2 antibodies (+) 
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[Figure 8] 

[vertical axis]: Number of live cells (x 10 5 cells) 
[horizontal axis]: Number of days of culture (days) 
[inside table, left to right]: 
Comparative Example 7; Example 8 
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[Figure 4] 

[vertical axis): Survival rate (%) 

[horizontal axis]: Number of days of culture (days) 

[inside figure, top to bottom]: 

Example 4 

Comparative Example 4 
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[Figure 5] 

[vertical axis]: Antibody concentration (u.g/ml) 
[horizontal axis]: Number of days of culture (days) 
[inside figure, top to bottom]: 
Example 5 

Comparative Example 5 
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[Figure 6] 

[vertical axis]: Antibody production speed (u-g/10 6 cells ■ day) 
[horizontal axis]: Production period (day - day) [NOTE: actually: -th day 
[inside figure, top to bottom] 
Example 6 

Comparative Example 6 
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[Figure 7] 

[Japanese]: X chain cDNA 
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[Figure 9] 

[above graph on left]: Ratio of absorbance at 410 nm) 
[vertical axis]: Cumulative quantity of X chain protein 
[horizontal axis]: Number of days of culture (days) 
[matter to right of graph, top to bottom]: 
Example 8 

Comparative Example 7 
Comparative Example 8 
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2, BAG— 1, Bcl-XL, Ad. El b£fcteC 

[S»jftJg3] t&WM&as, bcl-2lACOS-l 
USa-CfcotFERM P- 1 5 8 0 8 t LX^K^tl 

[ft^4] b c 1 - 2#ACOS- ltt^ot 
F E RM P-l 5808^ LT^ffc^fcMSo 

[0 0 0 1] 
[0 0 0 2] 

So £ftfco£*±ffl^b;h/ri^tt{m* gift 

So 

[0003] flbo*ffl*ir«^tf. ^y^-7x 

[0 0 0 4] £JTRc, SftJlfijJIWiaicj:oT^*$ixTV^<5 
[0 0 0 5] (l) ^e/^n— -Jvvfctft: 



X63-Ag8 (X63) % NSI-Ag4/l 
(NS1) . P3X63-Ag 8. 654 (X 6 3 • 6 
54) , SP2/0-Agl4 (SP2/0) , MPC 
11-45. 6TG1. 7 (45. 6TG) , FO, S 
149/5XXO, BU. l % ^\yy h*^"C«. 2 
10. RSY3. Agl. 2. 3 (Y3) , « ; b hfc 
U-2 2 6AR (SKO-00 7) , GM15 
00-GTG-A12 (GM1 5 0 0) % UC 7 2 9- 
6, L I CR-LOW-HMy 2 (HMy 2) , 822 
6AR/NIP4-1 (N I P4 l) 4$ OfcfcfU ffiSBl 

(PEG) ^V^^^yu^ (HVJ) £\,^tzM& 

ifcw^u K-^A»e)©R«:#i4»o»*tt, el 

I S A^ (Method in Enzymology 
vol. 70. pp419-439) , 

[0 0 0 6] (2) £>f /^WtS7^^y 

v>s 0 ^ntit j^^wbis, t 

J^JzS^y*- (^E^^/v^, ^p^ao*) Ktt-t&y 

jr^&Ms He 1 a*fflfl&, fc MMWa^Tf 

tcis^ic^-j-s^^^^M, M^7hyi« 

[0 0 0 7] (3) *ft5Rl^ffi-f ("iNf h^-T 

J^tCiSM-CSFCO^jg, CHU-2»:J;5G- 
Mlia-SGM-CSF^E ^3^> -^^n^7 

r-^i-is i l- i co^m> Tyy^fiaaiL- 

3<0^, ^^^T^fH^^^y K-v|CJ:5I L-4 
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iSKis-f y^-7xny-^4E t — v ^s<m^ 

[0 0 0 8] (4) MUKKBf 

flu try Tf®s&\z£z>EGF<D±m, ftmmm, 

WttMtt. JFFiHHISfcJ:* I GF - I HoilfF^ffl 

n« femzxz 1 gf - 1 1 <o±m. *bl 

«fc 5 F G F ©^Spj&SSitf fcftSo 
[0 0 0 9] (5) 

(tp a) cd^m. ^-v-r^— x^a^^— ipm^ic 

[0 0 10] (6) ^^Kttah/w^^ 

Ktt*/^^S:^S$*5. ^frWtCtt, Ve r o. C 

[0011] (7) ^wwo*^* — 

[0 0 12] H^tC, ^y^r— i ^^^*BB«|g^»ScStt 

— (A. D. Miller et al. , Sowat. Cell Mol. Gene 
t. , 12:175, 1986) ^&>5 0 
[0 0 13] Lri>Lft^<b, &,±\zm-<X^itZtlibm 

(2) HHlBtt, Dm3&K.Z&1*mWi£M±lt'< 

(3) »ilt5W^y K-vfwti 
«RX£HBH»:. &m\zTtfh-is 

^^^LT^ITU^ (B i o t e c h n o 1 o 
gy and Bioengineering, vo 
1. 44, pp. 1 1 4 0- 1 1 54, 1 9 9 4) £: ^ 



[0014] *tu&^ mmmsmQLffl&<m-rti:t> 
[0015] &mton&m®mm*t>*ifki£®$L 

£0 IMMPHtt* CHO, CV-l, COS. BHK. 
^£:*LjftM&, C 1 2 7, Ra t 2 X NIH3T3, $> 

ms&ft zo&mmm t \z±mxz z> ^^^-e^^^-ov^ 

-?)\<^-7\s— K ^n-77^f^- K*MIi8 
-77^^, «#J£3S1ff, HBttttttff* x7-y7^ 

ftl^ (v>-y — 7t — * >-T — ?—X, lkL-lOkL 

mmmmmci-x^ io 4 -io 7 »/mi) 0 
[0016] &mMfettK0»aicr±. 

&mt\*t£^mfafflsmim^btix^z>&* ifcmz^ 

[0 0 17] ^nfe^TffittKtO^ja^^lRji^^Sfc 

hi? yv^^h^TV^s^h^ZM 
Srif^:$^:5^S5 (^lf0 2-5 3 7 3 6%*) . 

■T*** »0 3-l 60 9 8 8%*) % ffHV 
5 7 8 9 2%*) f^fcSo 

[0018] vfrvtefrb. \t^-rt\,<Djjmz&\,^xh, 
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[0 0 19] 
[0 0 2 0] 

\cft±£^£z z t zzt zmn. lt«0^?:^ 

o 

[0 0 2 1] -r&fr^ ^Tffl^M^^i-^ 

tij^^cir >k b-^miijgGH^SA-rs rtia 

tt^lO-CfcS, BCMGS n e o - b c 1 - 2 ^ A 

cos- iMm&mmi-%o ^mm^mh^^^mm, 
&xzz> 0 

[0 0 2 2] 

xnyW^ I'M, !7^>\ mm, -<^K 

[0 0 2 3] ffl«8fT7/*K h-^»Ji^fi:(i, 

^ TNF-a, 0 ^KDflffig&^ES^ ^LFa s gifts 

i/^Mtfc^-Kte, Wbc 1-2, BAG-l, 
B c 1 -XL, Ad. Elb.C rmA/iWS^n 

^Tt>^^M$J£*l/r:fc*? (Negrini, M. et al, Ce 
11, 49:455-463, 1987; Eguchi, Y. et al. , Nuc. Acid 
Res., 20:4187-4192, 1992; Hockenbery, D. M. et a 



L, Proc. Natl. Acad. Sci. USA, 88:6961-6965, 199 

&\\L\Z.m*'1rZ>b^?Lb*hX\<^Z> (Vaux, D. L. et al. , 
Nature, 335:440-442, 1988) 0 be 1 - 2 i&fc^-te t 
Mf*^yl!)^lOftfe#61t (1 4 ; 1 8) 
J: V) ? zj — ^^isJfZfrfc (Science vol. 
2 2 6. ppl 0 9 7 (1 9 8 4)) 2 6 kDlSIO 
bcl-2a, 22kDl6fObc 
l-Zmte+XhZZt&ftibfrX^^e 

[0024] *&m<Dmm*Km&mm£&&* ^to 

C^At5 £ £ lc £ o XftfrtbZ & % Z<Djym\zmfe£ 

J:oTjiaRI»«*rfTV\ b c l -2 3fts*ASiT/fc*Bia© 

/^if<z>. RlBP«>*«fe«:* 4#i£ftM&K k&X$! 
»*ae^3^*A*ttft^ofe*W16*icJtur, Weft 

[0025] ffifro^SKMUTv^tf, w^!J k— 

b-i ^^wwae^w^tf, b c i -2*mA-rzzk 

[0 0 2 6] 

4k*'i7?ZkfrXZ. t£M&&m*:£ J £Z>Zb&XZ 

[0 0 2 7] ^iOBCMG Sneo-bcl-2^ 
ACOS-liffflia (|^T, COSl/bc 1 2) M\ 5to 
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mmm&m u < * r <t $i&©*Bsa t it 
(7) <D&m&&(D±&£mzj&mT?%z>h<D-?$>z><> 

te/BU COSl/bc 120M«-Cl^o 
[0028] COSl/bc 1 2\^^.S^8M 2 6 0 

ICXjRftWK^X^XlRft^^ F E RM P- 

1 5 8 0 8 t LTtrf££ftfc 0 
[0 0 2 9] 

[oo3o] ms^i i : ^7 * ? h-<omm 

[0031] fchbcl -2 3te : ?SB^I*:*tP^7^^ 
KBCMGS n e o-b c 1 - 2 (01) ttu IS^I^ 
^ — B CMG Sneo (Karasuyama, H. , 
Kudo, A. , Melchers, J. Exp. 
Med., 1 7 2:9 6 9- 9 7 2, 1 9 9 0)OXh 

0 I -Not mm^&b c 1 - 2 3t6 J F-3:#A1- 
ZZb^X Vmrnisfco b c l -2l^i:tt 
libc I - 2 a&JBV^fc. 

[0 0 3 2] itft0«i Lt, b c l -2»e^£ 

^/£V^7^^ K^Ut, B CMG Sneo (g| 2 ) 

[0 0 3 3] HJfe^!) 2: thbcl-2 iHH^-tfVW :/ 

1 "ClS^UfcBCMGS n e o-b c 1 -2£fci3:. it 
RWfc UBCMGS n e o £r^U^ ha^Iz-i/g >- 

^a^Aifc (/w^=awy-X4 ate 

^*At J6a«WfS p 2 3 - 2 7 ) 0 a*At£> G 4 1 
8 (GIBCO) S«J£«ra>ti\ ^7^5KO*A$*l 

[0 0 3 4] 0&Efc0) 3: tFbcl-2 MMS-T^AW 
^y K— ^»JSI;:*51*5B c 1 -2l6fii^ttl 

H5S^l2tCjoV>T^i:^ixfcBCMGS n e o - b c 1 
-2^A^^y K-7»Bc 1-2^&KM£<0 
^tU^rtrofCo MWirLt, B CMG Sneo MA 

(1) ftllfi0«fiHK<Z>Bi8t 
BCMGSneo-bcl-2 MA^ ~f V K" — 
AS. *S£U\ BCMGSneoiAWyU ^iffllS 
MMl%F7>f 0. 15mM N 

aCl, 10 mM Tris (pH7. 4 ) * 5 0 m g 
/m L phenyl methanesulfony 

1 fluoride, 2£U\ 2/i g/mL apro 

t i n i n&isttmf&ismmzm^r* 4tt*3 0M 



[0 0 3 5] (2) r^^v^n -/-r^ 
#r 

Afc»a«?«f«fe p 1 2 3- 1 2 7) o 1 x 1 0 5 » 
mmzft^-rZfmB&mMWt&T r i s -SDS-me r 
captoethanol W$m t £r^-£ IT 5 ftm& 
#&Ufc<£>*>, s o d i um dodecyl sulf 
ate (SDS) -^DT^y^T^ (b c 1 - 

2%&f±H-5KI<o#j; 9ywT^ KlVucoMtt, 1 
3%£^6<Dri^t>£f£L^) lcK»«r*WUfc. 

flc»J»78L ^/V^tt^U 3 0^±Tr is-g 
1 y c i n e^^f^lC^UfCo hnt/un-^ 

U % Tris buffered saline — 0. 
0 5% Twe e n 2 0 (TBS-T) id 1 5#^U 
5 %^^^rA-; £<a tfT B S - T 2 i$H8g b/c 

TB S-Tici5^^3(ElfirofCo 
[0 0 3 6] ^OJ:9l-ttMUc^hDt;wn-7i 

— $rffiv\ B c 1 - 2 3n# (B o e h r i n g 
er Manneheim) £^tfT B S - TMm\Z~ 

i:5U TBS-T«jTC3lHli5fc»«, X#c£t#<£>^- 
ttZs?— I g # y * n — -J-^gfcft: (B 
io Source International, I 
nc-Tago Products) £:^frTBS-T 
mWi\C~ hotyvo- *:7^yu* — ^r^bfco 1 r#[bhb 
^Mi: P TB S-T^-C3{Ui5fe^EC 1^ 

[0 0 3 7] 3 {C^-r o B CMG S n e o - b 

c i - 2 *mA vtcmm m 3 ^-cnmrnm 3 1 u-c^ 

•T) Tfi, Be 1 -2SaK<D*a«r^-**^>'Kds1*W 
Sftfca^ »tW<DBCMGSneo^iAl)tl 
J® (0 3*-mJt«0!|3£ UT^i") Be 1- 

[0 0 3 8] : t h b c 1 - 2 iBe^-iSAK: «fc 

H^j2ldjol/^"C^5i:$ttfcBCMGS n e o-b c 1 

-2^A^-r^y k— eaflflfrfcjzTA fe&ttmm-e&z 

B CMG S n e o ^A^ Zf V K— ^*ll&<D&#*&Jt 

[0 0 3 9] #^(D«BiaS:9%4 1 l&»JlD.»S:-a , tf^/i^< 
yZ j . ^-^^ 77^ K • — ^Hj^ifi (D u 1 b e c c 
o' s Modified Eagle Mediu 
m) (^IT> DMEMi^ife) (GIBCOth) 
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h2 B»ic«Bia«riHiJRu. hy/^y^- &£.SrlCi9 

[0 0 4 0] ^^rSl4(C^-r o ftte*N$S£ (BUtT 

0%co^^Sr^UfcOic^ur, bcl-22gA#SJ& 
i (14 ^Tte^&fc^J 4 t ur^i-) "Cli 1 0 0 S Tfc 

ofc 0 rowjia^#*offifitt»iia^*A$tb^b c i 

- 2 it^co&j&ic <t 5 t> <£> t 6tt5o 

[00 4 1] H^0tj 5 : fc h b c 1 - 2 BfirT-fltAtt: J: 
|l^fe0^J2{C^^V^X^5:$tt^BCMGS n e o - b c 1 

-2»AW^y K-^«ejfi*5«t^ tttt»fia#"e*6 

BCMGSn e o»A^/y K— ^*W/IS<Z>SLft«£tB 
[0 0 4 2] «»«?co*WJ8&$:9%4 1 J!&iSjfil»Sr-&tpDME 

t*ti5^iSS:EL I SAifelcJ:«9SiJ^L^ 0 E 
L I SAI^r)^ I gG#y ■JvHM* (ZYM 

ED Laboratories), &U^— ^^S^ 
— iffe-g^L^** I g^y^n-^/U^ (Bio S 
ource International, I n c — T 
ago Products) Sr/BV^cU-^ hV s^Sfc"C 

[0 0 4 3] 1fcWzZ:m 5 tC^-To (H 5 *-e 

ttJttt« 5 £ LT/Tf) Klt^T, b c 1 - 2 *|A*8JJ§S 
» (H 5 (f-Cttjfelkfl 5 UT/Tt) iC*3V>Tti:, J&& 
«rDBO*ai:i:t>l^ *U<St«Mia^±*U 100 

[00 4 4] 6 : fc h b c 1 - 2 3»e^»AJC <t 

6 (c^i-i; 5 (c, b c l - 2 iJ§tA*fflfiSi¥ (SI 6 4>"CttH 

Tt>|*tt*WRl» m 6 tf-Cfiittfe^ 6 t IsXtf-T) <D2 

[0045] mm&\7 : y>?x* Y<omm 

te, ^£q<£>;*7 j£ (J. Sambrook, et a 
1 . , Molecular Cloning, Cold 
Spring Harbor Laboratory 
Press, 1989) J: fltTftofc. 
[0046] thbcl-2 ae^fiE^JSr^tf ^7 * S 
KBCMGS neo-bc 1-2 (Ell) 12, 
9 — B CMG Sneo (Karasuyama, H. , 
Kudo, A. , Melchers, J. Exd. , M 
ed. , 1 7 2:9 6 9-9 7 2, 1 9 9 0) OXho 

I-NotmWbc 1 - 2mfc*&WA-rz>z.t\c 



[0 0 4 7] K&mt Lt, b c 1 - 2ig^^ 

^*^V^7 P 7^ 5: K> BCMGSn eo (i2) £J£AP£ 

[0 0 4 8] -rtX&myvy}) >-l gM<DL«l£ffififc 

•rs®6Kxs«:=-K*rs5a^ga^j oar* 

A. 1) Z^ttzfy** Kp cDNA-A (0 7) IS, p 

CM V— A 1 (Toyoshima, H. et a 

1. , Cell, 8, 67-74, 1994) <fc 9 P C 

Rmzx-*vxx i&mft&mffi\^x cdna^ 

U S K*<** — p cDNA3 (In vitr 

ogenffl ^SA*T5ri:tCj;?)«^L^o 
[0 0 4 9] iyg#l8 : tfbcl - 2jg^GQCOS 
- 1 *M&^0*A 

B CMG S neo-bc 1-2, &6l>teBCMG S n 
e o (J. Sambrook, et a 

1 . , Molecular Cloning, Cold 
Spring Harbor Laboratory 
Press, 1989) \ZL£*> COS - 1 JW!S^*A 

[0 0 5 0] COS- l*M&£rl 0 7 f@/81cU U >^ 
(PBS) 4 50/il fCfiHBLfco ^ KD 

NA1 0 ii g^5 0 m 1 ©PBSMU #Ji2<D3MS 
fijBStfi^Lt^^^yMcAilfc. 6 

50 V, 2 5 0 m s e c IdKJfeU MM^OAofc 
dr^^<y MC2 OS^^^^^Mt^Co tK±{CT1 0&m 
MUci, 4 00/ig/ml^)G418 (GIBCO 
#:) RXfl Oo/oCDj^fF^Jkff (Fetal Bovin 

e Serum) (FBS) (G I B C Oft) £r&tf ^ 
/U^ya . ^7^7/^ K • -f — y/l>i%M (Du 1 b e 

ceo* s Modified Eagle Medi 

urn) OUT, DMEMJgi) (GIBCOft) tm& 

L, co 2 ^y^- ^^(-3 o BKtkM.1rZz.b-? 
Mte^mAtste£frtcMffa<D&&m$il'X^ B CMG S 
neo-bc 1-2 iAC O S - 1 Mfa U^T, COS 
1/bc 1 2) MBCMGSn e oiACOS- 1 jffl 
(£AT\ COSl/vec) &^#fc 0 BCMGSn e 
o-b c 1 - 2§ACOS- l*fflj& (£*T, COS IX 
b c 1 2) J*¥/&8^8J3 2 6 0|:i*tt«Ri*l¥ 
X*ft«W5fi3ftdFERM P - 1 5 8 08^ LT3r"f£ 
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